Abstract: Periconia variicolor was isolated from water of an evaporation pond used for salt production on the southwestern coast of Puerto Rico. On the basis of cultural and morphological characteristics and ITS sequence it is describe as a new species of Periconia.
INTRODUCTION
The genus Periconia was erected in 1791 by H.J. Tode, who described the type species, P. lichenoides, as a fungus that grows on the stems of plants and produces a globose head on a straight, firm, hair-like stipe that becomes covered with a fuscous powder (Mason and Ellis 1953) . Although Periconia species are common saprophytes, there is no comprehensive treatment of the genus, which now includes names for 165 species and 10 varieties. An additional 10 species originally placed in the genus have been transferred to other genera (CABI et al 2006) . Mason and Ellis (1953) provided an historical overview of the genus and descriptions for 15 British species. Subramanian (1955) and Rao and Rao (1963) described Periconia species from India. Subramanian (1955) described 12 species, six of which were new, and Rao and Rao (1963) added 11 new species and provided a key for 28 species known from India. Ellis (1971) provided descriptions of 17 species, including one new combination, and (Ellis 1976 ) described 10 more species, one of which was new. Minter et al (2001) listed 10 species of Periconia for the Caribbean region, mainly from the Greater Antilles. These species are P. (Stevenson 1975) .
In the past two years fungi have been isolated from a hypersaline environment in Puerto Rico (Cantrell et al 2006) . A total of 36 species have been identified, with most belonging to the genera Aspergillus, Penicillium and Cladosporium. A distinctive isolate was obtained from one water sample; based on cultural, morphological and phylogenetic characteristics it represents a new species of Periconia (Cantrell et al 2006) . This new species is characterized by producing a blue pigmented mycelium on maltextract agar (MEA) and potato-dextrose agar (PDA) and by spherical, brown, ornamented spores produced on a brown conidiophore. Based on the literature no Periconia produces this pigmentation in culture, a characteristic that is rare in fungal cultures. Because of the unique pigmentation, micromorphology, ITS sequence and ecology, a new species of Periconia is described. In addition this species was assayed for its potential as a producer of bioactive metabolites.
MATERIALS AND METHODS
The study area is on the southwestern coast of Puerto Rico in Punta Los Morrillos in the municipality of Cabo Rojo (17u56925 N, 67u119W). The area is known as the Cabo Rojo Solar Salterns (in Spanish known as Las Salinas de Cabo Rojo) and is characterized by a high solar radiation (46 mol photons m 22 d 21 ), low precipitation (51 mm/y) and high salinity (,600 psu). For detailed description of the microbial methods and the methods employed see CasillasMartínez et al (2005) and Cantrell et al (2006) .
The new species was obtained from water of one of the evaporation ponds. Different solid and liquid culture media were used to observe growth characteristics; these were Czapek-Dox (CzD), cornmeal (CM), oatmeal (OM), V8 agar, Sabourand dextrose (SD), malt extract (ME) and potato dextrose (PD). Solid media were prepared from Difco dehydrated agars. The plates were incubated 10-14 d at 27 C. A pure culture is deposited in the Centraalbureau voor Schimmelcultures of the Netherlands. A dried culture has been deposited in GAM (No. 16173) .
For the analysis of fatty acids and bioassays the species was cultured 2 wk (1.0 L) in malt-extract broth. The mycelium was homogenized and extracted with ethyl acetate to get the organic phase, and the sample was concentrated in a rotary evaporator. The EtOAc extract was assayed for qualitatively inhibiting the growth of Escherichia coli with the Kirby and Bauer method (NCCLS 1993) . This test consists of impregnating a paper disk with the extract, which is then placed on a seeded Muller-Hinton agar plate previously inoculated with the bacterium. The plates were incubated 24 h at 37 C, and the zone of inhibition around the disk was measured in millimeters. A brine shrimp lethal toxicity test (BSLT) of the ethyl acetate extract of the whole culture was performed to determine potential bioactivity (Mclaughlin et al 1998) . A portion of the EtOAc extract was dissolved in acidified MeOH and refluxed 3 h; solvent was evaporated in vacuum, and the sample was passed through a silica gel column with hexane/ether 9:1 as the mobile phase. A Shimatzu GC-MS equipped with GC-MS Solutions software version 1.2 was used to obtain the chromatogram and mass spectra of the fatty acid methyl esters.
For scanning electron microscopy (SEM) a standard fixation procedure (Enkerli et al 1997) involving the use of glutaraldehyde and OsO 4 was employed. Small agar blocks bearing mycelium and spores were removed from cultures and processed as follows. After fixation samples were washed in distilled water, dehydrated in a graded ethanol series to 100% ethanol and critical-point dried. Samples were mounted on specimen stubs with conductive tape, sputter-coated with gold and examined under a JEOL 6400 scanning electron microscope operating at 15 kV.
RESULTS
Periconia variicolor is considered a distinct species because it produced an intense blue pigment on MEA, PDA and SDA. The pigmentation varies depending on the medium from white on CMA to pinkish on V8. Based on Mason and Ellis (1953) , who describe cultural characteristics on PDA, OMA and maize meal agar (MMA), none of the species studied by them had blue or blue-green pigments. Most of the species described produced rose-madder, wine color, bright yellow, olive, buff, gray or brown on the reverse of PDA, OMA and MMA. Bilgrami (1963) described P. saraswatipurensis as initially light green, becoming fuliginous-gray after 10 d. The culture medium used was not indicated. Subrahmanyam (1980) described P. viridis as being green on YpSs agar, with the reverse dark green in the center with a blue border zone.
The new species in liquid media grew differently depending on the medium. In malt-extract (MEB) and Sabouraud-dextrose broths (SDB) the species produced a blue-pigmented mycelium and broth. Plates containing MEA and SDA also turned blue. In contrast in marine and Sabouraud broths the mycelium is white and no pigment is produced in the medium.
Recent findings of two antibacterial metabolites from Periconia sp. (Kim et al 2004) prompted us to investigate the capability of the herein described organism as being a producer of potentially bioactive compounds. The results of these bioassays were not promising because the ED50 of the EtOAc extract against brine shrimp was .1000 ppm, which is the upper limit tested for fungal extracts. The antimicrobial activity of the same extract against E. coli resulted in an inhibition zone of 2 mm, which we consider small compared to other species we have assayed for this test, with inhibition zones of 4-7 mm. Work is in progress to assay the EtOAc extract from culture of this Periconia sp. against other bacterial strains.
The total fatty acid profile of the described species shows fatty acids with chain lengths of 16-18 carbon atoms constituted about 95% of the total, while fatty acids of 20 or more carbon atoms accounted for only about 3.4%; the longest detected fatty acid corresponded to tetracosanoic acid (24:0), accounting for about 2%. No odd-chain fatty acid was detected for this species. We have summarize the total fatty composition of the described Periconia sp. (TABLE I) Coloniae in agaris ''malt extract'' et ''Sabouraud glucose'' effusae, byssoideae, cyanescentes, stratis reversis cyaneis. Mycelium hyalinum vel brunneum, septatum, leave. Conidiophora mononemata, macronemata et micronemata, eramosa, primo subhyalina deinde brunnescentia, laevia. Cellulae conidioferae apicales et laterales; conidia catenis ramosis. Conidia globosa, continua, atrobrunnea, verruculosa, 7.5-9.5 mm diam.
Colony flat at margins, raised in the center, cottony, growth rate and pigmentation variable depending on the medium. Growth in 10 d: CzD 2.5 cm, top white with brown aggregates, reverse blue; SDA 4-5.5 cm, top white, reverse blue; OMA 5-5.5 cm, top white, center brown, reverse blue-green; MEA 3 cm, top white with concentric blue-green rings, reverse blue; CMA 4 cm, top white with blue aggregates, reverse white; V8 5 cm, top white with deep pink central area and white colony margin, reverse dark pink; PDA 4.4 cm, top bluish-gray, reverse dark blue. Colonies on MEA produced an exudate on the surface of the mycelium in the form of numerous bluish-green liquid droplets, especially near the center. Most of the hyaline hyphae composing the mycelium soon became light bluish-green due to the pigment that appeared to be diffused uniformly throughout the cytoplasm. In some hyphae however the pigment occurred as discrete, dark blue-green droplets distributed in a row in the hyphae. Similar droplets formed on PDA but were fewer. On V8 the droplets were a pale pinkish color.
Mycelium cottony, white, soon forming dark clusters of conidia scattered on the surface. Conidiophores simple, macronematous and micronematous, unbranched, mononematous, initially subhyaline, becoming pale to dark brown with age, smooth. Occasional rigid hyphae formed but typical conidiophores with a stipe and swollen apex and base lacking. Conidiophores variable in length, 20-271 3 3-8 mm. Conidiogenous cells discrete, determinate, terminal or lateral on the conidiophore, subglobose, ovoid to clavate, often polyblastic. Terminal conidiogenous cells often form branched, acropetal chains that produce dense clusters of conidia. Conidial chains formed on lateral conidiophores usually short, with few conidia. Conidia globose, one-celled, dark brown and verruculose at maturity, 7.5-9.5 mm diam.
Etymology: variicolor refers to the variety of colors produced on the different culture media. strains isolated from soil frequently lack this feature. Our species produced conidia both in heads and on the side of the conidiophores, but the conidiophores lack a swollen apex and base. Some conidiophores were pigmented only in the upper fertile part, with verruculose conidia 8-9 3 7.5-9.5 mm. The widely distributed species P. macrospinosa produces the conidia in well defined heads and the conidia are coarsely echinulate and 18-35 mm diam. Our species is different in morphology, and in addition phylogenetic analysis shows Periconia variicolor as a distinct species from P. macrospinosa (Cantrell et al 2006) .
Periconia species with verrucose or verruculose conidia include P. byssoides, P. cookei, P. typhicola E.W. Mason & M.B. Ellis, P. atra, P. minutissima, and P. glyceriicola E.W. Mason & M.B. Ellis. In the first three, P. byssoides, P. cookei and P. typhicola, the conidia are more than 10 mm diam. The ornamentations of the conidia in P. typhicola are similar to P. variicolor but the spores are larger in P. typhicola (11-17 mm diam). Also the culture of P. typhicola on oatmeal agar is different, being pale brown in top view and gray in reverse. In P. atra, P. minutissima and P. glyceriicola the conidia are less than 10 mm diam. Periconia atra possesses long conidiophores up to 2500 mm with a swollen apex that differs from P. variicolor in which the conidiophores are up to 271 mm with no swollen apex. Periconia variicolor resembles P. minutissima, but P. minutissima has shorter conidiophores (,540 mm) with often swollen base and apex and conidia small (,7 mm). Periconia glyceriicola is the closest species to P. variicolor with conidiophores up to 340 mm long and conidia ovoid to clavate (6-9 3 4-6 mm). However P. glyceriicola on oatmeal agar produced a white colony with gray rings.
Only two species, both from India, have been described as having a greenish or bluish coloration in culture. Periconia saraswatipurensis Bilgrami has a dark brown, thick-walled, unbranched stipe that is up to 240 mm long and 8-10 mm wide, with verrucose conidia 6-8.5 mm diam. In culture the fungus was initially light green, soon becoming sooty as conidia formed (Bilgrami 1963) . This species thus differs from P. variicolor, in which the conidiophore is thinwalled and narrower and is usually not as dark. The conidia also are slightly smaller. Periconia viridis A. Subrahm most closely resembles P. variicolor in cultural characteristics but differs morphologically. The conidiophores often are branched and have sterile, hyaline apices and roughened walls. The conidia are thick-walled, verrucose to echinulate, and slightly larger (Subrahmanyam 1980) . In summary Periconia variicolor is a distinct species of Periconia by producing a different color colony depending on the growth media. Our species was isolated only once from water from a hypersaline environment in Puerto Rico and is not a halophilic fungus and can tolerate only up to 10% NaCl. Most Periconia species are saprophytes in a variety of plant substrates. It is possible that the host for this new species is found in the vegetation surrounding the evaporation ponds, which is composed of mangrove forests and xerophytic vegetation.
